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ABSTRACT: 

PURPOSE: To obtain a composite dental material composed of a composite material 
produced by dispersing colloidal silica having a specific particle diameter in 
a monofunctional (meth)acrylate and imparted with rigidity and abrasion 
resistance without deteriorating the excellent transparency, surface gloss and 
moldability of the base resin. 

CONSTITUTION: This composite material for dental use is produced by carrying 
out the hydrolysis and polycondensation of at least one kind of silane compound 
of the formula (R<SP>1</SP> and R<SP>2</SP> each is ether bond or a 1-10C 
hydrocarbon residue; R<SP>3</SP> is H, ether bond or a 1-1 0C hydrocarbon 
residue; (a) and (b) each is 0-3; (c) is 4-a-b and is 1-4) in the presence of a 
colloidal silica having an average particle diameter of l-100nm, dispersing 
1-300 pts.wt. of the produced silica-based polycondensate in 100 pts.wt. of a 
monofunctional (meth)acrylate adding a polymerization initiator to the 
dispersion and polymerizing the obtained composition. The produced material 
may further be incorporated with 1-400 pts.wt. of a (meth)acrylate (co)polymer. 
The material is especially useful e.g. as a resin for denture base, artificial 
tooth, etc. 
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[Title of Invention] 

DENTAL COMPOSITE MATERIAL 

[Objective] 

The objective of this invention is to develop a dental 
composite material having excellent transparency, rigidity and 
abrasion resistance. 
[Composition] 

A silica condensation polymer (b) is dispersed in a single 
functional (metha) acrylate (a); a composition (c) (in which a 
polymerization starting agent has been combined) is also 
polymerized. The silica condensation polymer (b) is obtained by 
hydrolyzing and by condensation polymerizing a specific silica 
compound under the presence of a colloidal silica having an 
average particle diameter of 1 -lOOnm. 
[Effect] 

Dental plates and artificial teeth, etc. that have excellent 
installation ability and size stability for a long time with no 
feeling by the patient of ill fit. 

[Claims] 

[Claim 1] 
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A dental composite material that is formed by dispersing 1 - 
300 parts by weight of a silica condensation polymer (b) to 100 
parts by weight of single functional (metha) acrylate under the 
presence of a colloidal silica having an average particle diameter 
of 1 - lOOnm and also by polymerizing a composition (c) which has 
combined a polymerization starting agent. The silica condensation 
polymer (b) is obtained by hydrolyzing and by condensation 
polymerizing at least one type of silica compound which is 
indicated by the following general formula: (I) 

SiR 1 a R 2 b (OR 3 ) c (I) 

(In the formula, R 1 and R 2 are 1-10 carbons hydrocarbon residuals 
which can contain ether linkage, ester linkage or carbon-carbon 
double linkage. R 3 is 1 - 10 carbons hydrocarbon residual and can 
contain ether linkage, ester linkage or carbon-carbon double 
linkage. a and b are 0-3 integrals. c is 4 - a - b and is 1 - 
4 integral) . 

[Claim 2] 

The dental composite material mentioned in Claim 1 wherein 
the single functional (metha) acrylate (a) is a methyl 
methacrylate. 
[Claim 3] 

The dental composite material mentioned in Claim 1 wherein 1 
- 400 parts by weight of (metha) acrylate (co) polymer are further 
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combined with 100 parts by weight of a composition which consists 
of components (a), (b) and (c) . 
[Claim 4] 

The dental composite material mentioned in Claim 1 wherein 1 
- 80% by weight of the composition consisting of components (a) , 
(b) and (c) are partially polymerized and they are further 
polymerized. 
[Specification] 
[0001] 

[Industrial Use Field] 

This invention concerns a dental composite material. More 
specifically, it concerns a dental composite material (e.g., a 
material with excellent rigidity and abrasion resistance and a 
useful resin for dental plates and artificial teeth, etc.). 
[0002] 

[Prior Art Technology and Problems Resolved by the Invention] 

Generally, (metha) acrylate material has excellent 
transparency, surface lustrousness and molding ability. As a 
result it is widely used as a dental material. However, it has 
poor mechanical strength. As a result, for example, when used 
for a dental plate, such a plate cannot be made thin enough. .When 
it is installed, the patient has the feeling that there is a 
foreign substance feel in his mouth. It also has poor abrasion 
properties. As a result, material's stability as to size 
deteriorates due to such abrasion over time. 
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Moreover, the polymerization condensation rate of (metha) 
acrylate material (e.g., methyl methacrylate) is as large as 21% 
and it has poor size stability at the time of molding. 
[0003] 

There have been many studies as to compounds that would 
conquer these problems. For example, Japanese Kokai Patent 
Publication No. 60-011505 has published how to obtain a dental 
reconditioning agent with excellent abrasion resistance by 
polymerizing after a globular inorganic oxide having a specific 
grain system is combined with a vinyl monomer. However, the grain 
diameter of the inorganic oxide used in this method is 0.1 - lOum. 
As a result the abrasion resistance is not sufficiently satisfied. 
In addition, the abrading surface depends on the grain diameter, 
so consequently a rough product results. According to this method, 
when the grain diameter of the organic compound is less than 
O.lum, viscosity greatly increases when it is mixed with a 
monomer. As a result, its hardened material may not become be 
practically usable. The combined proportion of inorganic oxide 
cannot therefore be too high. 
[0004] 

Japanese Kokai Patent Publication No. H5-209027 cites how to 
obtain a complex composition with excellent transparency and 
rigidity by evenly dispersing a colloidal silica to a radical 
polymerization vinyl compound by using a silane compound. 
However, this method concerns a sheet material which gives a 
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rigidity and thermal resistance to acryl resin. However, to be 
candid, there is no indication as to its use as dental material. 
Moreover, there no mention of abrasion resistance. 
[0005] 

[Means for Resolving Problems] 

The inventors have considered all of the above and have 
studied how to obtain (metha) acrylate dental composite material 
which provides rigidity and abrasion resistance without negatively 
affecting excellent transparency, surface lustrousness and molding 
ability which are original properties of the (metha) acrylate 
material. . The inventors then discovered how to achieve the 
objective complex which disperses a colloidal silica having a 
specific grain diameter to a single functional (metha) acrylate. 
More specifically, this invention is a dental composite material 
that is formed by dispersing 1 - 300 parts by weight of a silica 
condensation polymer (b) to 100 parts by weight of a single 
functional (metha) acrylate in the presence of a colloidal silica 
having an average particle diameter of 1 - lOOnm and also by 
polymerizing a composition (c) which has combined a polymerization 
starting agent. The silica condensation polymer (b) is obtained 
by hydrolyzing and by condensation polymerizing at least one type 
of silane compound [which is indicated by the following general 
formula: (I) 



SiR 1 a R 2 b (OR 3 ) c 



(I) 



"(In the formula, R 1 and R 2 are 1-10 carbons hydrocarbon residuals 
which can contain ether linkage, ester linkage or carbon-carbon 
double linkage. R 3 is 1 - 10 carbons hydrocarbon residual and can 
contain ether linkage, ester linkage or carbon-carbon double 
linkage. a, b are 0-3 integral. c is 4 - a - b and is 1 - 4 
integral)] in the presence of a colloidal silica (b) having 1 - 
lOOnm average grain diameter. 
[0006] 

A characteristic of this invention is that a silica can be 
dispersed in a region smaller than a average grain diameter of 0.1 
(which has been difficult to achieve in the past) by using a 
colloidal silica. As a result, it is possible to give rigidity 
and abrasion resistance to the (metha) acrylate material. Another 
characteristic of this invention is that an excellent transparency 
and surface lustrousness of the (metha) acrylate material can be 
manifested because the average grain diameter of colloidal silica 
is extremely small at 1 - lOOnm. 
[0007] 

Details of this invention's dental composite material are 
explained below. 
[0008] 

A commonly known single functional (metha) acrylate is usable 
as a single functional (metha) acrylate (1) [e.g., methyl (metha) 
acrylate, ethyl (metha) acrylate, propyl (metha) acrylate, butyl 
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(metha) acrylate, pentyl (metha) acrylate, hexyl (metha) acrylate, 
2 - hydroxy ethyl (metha) acrylate, 2 - hydroxy propyl (metha) 
acrylate, glycidyl (metha) acrylate, etc.]. One kind or two or 
more kinds can be used, A single functional (metha) acrylate 
mixture containing more than 50% by weight of methyl methacrylate 
is preferred. When containing more than 70% by weight of methyl 
methacrylate, it is especially preferred because when the obtained 
dental composite material may be damaged, it is easily recoverable 
with a (metha) acrylate dental recovery agent. 

[0009] 

If needed, a copolymerable polyfunctional (metha) acrylate 
(which can be copolymerized with a single functional (metha) 
acrylate) can be combined with a single functional (metha) 
acrylate (1) in this invention. More preferably, a polyfunctional 
(metha) acrylate (which is commonly used as a dental material) can 
be combined. To be specific, ethylene glycol di (metha) acrylate, 
polyethylene glycol di (metha) acrylate with 2-20 ethylene 
glycol units, 1, 3 - butane diol di (metha) acrylate, 1, 4 - 
butane diol di (metha) acrylate, neopentyl glycol di (metha) 
acrylate, trimethylol propane tri (metha) acrylate, a compound 
indicated by the following general formula (II) (hereafter it 
shows as NH-201), a compound indicated by the following general 
formula (III) (heretofore it shows as Bis-GMA) , a compound 
indicated by the following general formula (IV) (heretofore it 
shows as Bis-MEPP) , etc. are all citable as a preferred 
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polyfunctional (metha) acrylate. 
[0010] 

[Chem. 1] 



[0011] 

[Chem. 2] 



[0012] 

[Chem. 3] 
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A polyfunctional (metha) acrylate can be combined within the 
range of 0 - 40 parts by weight to 100 parts by weight of a single 
functional (metha) acrylate. If the polyfunctional (metha) 
acrylate exceeds more than 40 parts by weight, the polymerization 
condensation rate at the polymerization becomes too great and the 
size stability of the polymer deteriorates before or after the 
polymerization. 
[0014] 

The silica condensation polymer (b) is a condensation polymer 
obtained by hydrolyzing and by condensation polymerizing at least 
one type of silane compound [which is indicated by the following 
general formula: (I) 

SiR 1 a R 2 b (OR 3 ) c (I) 

(In the formula, R 1 and R 2 are 1-10 carbons hydrocarbon residuals 
and can contain ether linkage, ester linkage or carbon-carbon 
double linkage. R 3 is 1 - 10 carbons hydrocarbon residual and can 
contain ether linkage, ester linkage or carbon-carbon double 
linkage. a and b are 0-3 integral. c is 4 - a - b and is 1 - 4 
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integral)] in a colloidal silica dispersion system. The OR 3 group 
or OR 3 group and OH group also exist at its external surface. 
Therefore, it disperses in a single functional (metha) acrylate. 
[0015] 

It is possible to evenly disperse such a silica condensation 
polymer (b) in a (metha) acrylate when the silica density is such 
which gelatinizea only when there is an attempt to disperse the 
colloidal silica in a single functional (metha) acrylate (a) . 
Therefore, the objective properties can be given to a dental 
composite material. 
[0016] 

Various type of commercially available colloidal silica are 
usable as this invention's colloidal silica. The preferable grain 
diameter of the colloidal silica is 1 - lOOnm. There is no 
particular restriction as to a dispersion medium of colloidal 
silica; commonly, however, water, methanol, alcohol (i.e., 
isopropyl alcohol, etc.), cellosolves*, and dimethyl acetamide, 
etc. are used. The especially preferred dispersion medium is 
alcohol, cellosolve and water. 
[0017] 

A silane compound indicated by the following general formula 
(I - 1) - (1-6) are preferable among the the silane compounds 
indicated in the abovementioned general formula (I) used in this 
invention. 
[0018] 



11 



[Chem. 4] 



[0019] 

(In the formula, R 4 , R 5 are 1-10 carbons hydrocarbon 
residuals that can contain ether linkage or ester linkage. R 6 is a 
hydrogen atom or 1 - 10 carbons hydrocarbon residual. R 7 is a 
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hydrogen atom or a methyl group. R 8 is a 1 - 3 carbons alkyl group 
or a phenyl group. A,b are 0-3 integral. cisa4-a-b and 
1-4 integral, n is 0 - 2 integral, p is 1 - 6 integral.) 
[0020] 

A tetra methoxy silane, tetra ethoxy silane, tetra methoxy 
silane, tetra butoxy silane , methyl triethoxy silane, ethyl 
trimethoxy silane, ethyl triethoxy silane, phenyl trimethoxy 
silane, phenyl triethoxy silane, dimethyl dimethoxy silane, 
diphenyl dimethoxy silane, methyl ethyl diethoxy silane, methyl 
phenyl dimethoxy silane, trimethyl methoxy silane, trimethyl 
ethoxy silane, methoxy ethyl triethoxy silane, acetoxy diethyl 
triethoxy silane, tetra acetoxy silane, methyl triacetoxy silane, 
tetrakis (2 - methoxy ethoxy) silane, and these partially 
hydrolyzed substances are all citable as the silane compound 
indicated by the general formula (I - 1) . Among these, tetra 
ethoxy silane, tetramethoxy silane, trimethyl methoxy silane, 
dimethyl dimethoxy silane are preferred. 
[0021] 

A tetrakis (acryloxy ethoxy) silane, tetrakis, (methacryloxy 
ethoxy) silane, methyl tris (acryloxy ethoxy) silane and methyl 
tris (methacryloxy ethoxy) silane are., citable as the silane 
compound indicated in the general formula (I - 2). Among these, a 
tetrakis (acryloxy ethoxy) silane and tetrakis (methacryloxy 
ethoxy) silane are preferred. They are synthesized from tetra 
chloro silane and 3 - hydroxy ethyl acrylate or 2 - hydroxy ethyl 
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methacrylate. 
[0022] 

B-acryloxy ethyl dimethoxy methyl silane, r-acryloxy propyl 
methoxy di methyl silane, r-acryloxy propyl trimethoxy silane, B- 
methacryloxy propyl methoxy di methyl silane, r-methacryloxy 
propyl methoxy dimethyl silane, r-methacryloxy propyl di methoxy 
methyl silane, and r-methacryloxy propyl trimethoxy silane, etc. 
are all usable as the silane compound indicated in the general 
formula (I - 3) . 
[0023] 

A vinyl methyl di methoxy silane, vinyl trimethoxy silane and 
vinyl triethoxy silane are citable as the compound indicated in 
the general formula (I - 4) . 
[0024] 

r-mercapto propyl di methoxy methyl silane, r-mercapto propyl 
trimethoxy silane are citable as the compound indicated in the 
general formula (I - 5) . 
[0025] 

p- vinyl phenyl methyl dimethoxy silane, and p-vinyl phenyl 
trimethoxy silane are citable as the compound indicated in the 
general formula (I - 6) . 
[0026] 

In this invention, the following five modes are citable as 
the preferable methods of use of these silane compounds of the 
general formulas: (I -1) - ) I - 6) . 
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[0027] 

The. first mode is a mode using more than one silane compound 
indicated in the general formula (I - 1) . In the general formula 
(I - 1), a silane compound which is a hydrocarbon residual having 
R 4 , R 5 and R 6 having 1-4 carbons is preferably used. If the 
hydrocarbon residual having less than 4 carbons R 4 , R 5 and R 6 , a 
three-dimensional obstacle is less possible. Therefore, 
hydrolysis and the condensation polymerization accelerates and 
each of the colloidal silica grains are consolidated. The 
formation of the silica framework is facilitated. 
[0028] 

The second mode is a mode using more than one type of silane 
compound indicated in the general formula (I - 2) . When the 
silane compound indicated in the general formula (I - 2) is 
hydrolyzed and condensation polymerized, an acryloxy ethoxy group 
or methacryloxy ethoxy group (which has remained in the silica 
condensated polymer without hydrolyzing) copolymerized and 
chemically combined with a single functional (metha) acrylate (2) 
during the polymerization. Therefore, it contributes to the 
reinforcement of the interface between the polymer of the single 
functional (metha) acrylate (a) and the silica condensation 
polymer (b) . A disconnected group also copolymerized with the 
single functional (metha) acrylate (a) even though the acryloxy 
ethoxy group or methacryloxy ethoxy group (which remained without 
hydrolyzing) disconnected because of further condensation 
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polymerization at the polymerization with the single functional 
(metha) acrylate (a) . Therefore, it does not become a volatile 
component, and cracks and splits are not generated in the obtained 
composite material. 
[0029] 

The third mode is a mode that jointly uses one or more of the 
silane compound indicated in the general formula )I - 1) and one 
or more of the silane compound indicated in the general formula (I 
- 2). When these two types of silane compound are jointly used, 
the silane compound indicated in the general formula: (1-2) is 
hard to hydrolyze because the periphery of its silicon atom's 
three dimensions engage with each other. As a result, in addition 
to the effect when singly using each of these silane compounds, it 
demonstrates the effect of maintaining stability until the 
polymerization operation of the silica condensation polymer (b) . 
[0030] 

The fourth mode is a mode for using more than one type of 
silane compound indicated in the general formula: (1-3) - (I - 
6) . These silane compounds and their hydrolyzed products work as 
a copolymerization monomer or a chain transfer agent at the 
polymerization of the single functional (metha) acrylate (a). 
Therefore, it contributes to the reinforcement of the interface 
between the polymer of the single functional (metha) acrylate (a) 
and the silica condensation polymer (b) . Good properties are 
created for this invention's composite material. 



16 



[0031] 

The fifth mode is a mode that jointly uses more than one type 
of silane compound indicated in the general formula: (I - a) and 
more than one type of silane compound indicated in the general 
formulas: (I - 3) - (I - 6) . When jointly using these two types 
of silane compound, it becomes a form in which the silane 
compounds indicated in the general formulas: (I -3) - (I - 6) are 
jointly assembled. Therefore, strong condensation is generated 
between the polymer of the single functional (metha) acrylate (a) 
and the silica condensation polymer (b) . This creates good 
properties for the obtained composite material. 
[0032] 

The presence of water is necessary in a reaction system 
during the hydrolysis and condensation polymerization of a silane 
compound. The particular percentage of water presence in the 
reaction system does not greatly influence the reaction speed; 
however, if it is extremely small, a condensation polymer cannot 
be obtained because the hydrolysis is too slow. 
[0033] 

Both an inorganic or an organic acid are usable as the 
catalyst when the hydrolysis of the silane compound is conducted. 
For example, a halogenated hydracid (e.g., hydrochloric acid, 
hydrofluoric acid, hydrobromic acid, etc.), sulfuric acid, nitric 
acid and phosphoric acid, etc. all may be used as the inorganic 
acid. A formic acid, acetic acid, oxalic acid, acrylic acid metha 
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acrylic acid, etc, are all usable as the organic acid. 
[0034] 

A solvent is used for the hydrolysis reaction system of the 
silane compound in order to smoothly and evenly conduct the 
reaction. The preferred solvent is one which does dissolve a 
reactant silane alkoxide and water. For example, alcohols (e.g., 
water, methyl alcohol, ethyl alcohol, isopropyl alcohol, etc.) and 
ketone, (e.g., tetrahydrofurane, dioxane, etc.) are usable as the 
solvent. These solvents can use, as is, the dispersion medium 
of the colloidal silica or a necessary amount can be newly added. 
There is no particular restriction as to the amount of the solvent 
as long as the amount is able to dissolve the reactant. However, 
if the density of the reactant is too thin, the reaction speed may 
be extremely slow. The hydrolysis and condensation polymerization 
reaction of the silane compound are conducted conditions of 30 
minutes to 24 hours at a room temperature up to 120°C, preferably 1 
- 10 hours at the boiling point of room temperature solvent. 
[0035] 

There is no particular restriction as to the amount of the 
colloidal silica combined in the silica condensation polymer (b) 
and the silane compound indicated in the general formula: (1), but 
0.1 - 200 parts by weight of silane compound (preferably 1 - 100 
parts by weight) to 100 parts by weight of colloidal silica solid 
portion is appropriate. 
[0036] 
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When using one or more compound indicated in the general 
formula: (I - 1) as the silane compound, 1 - 200 parts by weight 
of silane compound (preferably 5 - 100 parts by weight) to 100 
parts by weight of colloidal silica solid portion are preferable. 
[0037] 

When using one or more compound indicated in the general 
formula: (1-2) as the silane compound, 1 - 200 parts by weight 

(preferably 5 - 100 parts by weight) to the 100 parts by weight of 
colloidal silica solid portion are more preferable. 

[0038] 

When jointly using more than one compound indicated in the 
general formula: (I - 1) as the silane compound, 1 - 200 parts by 
weight (preferably 5 - 100 parts by weight) of silane compound 
indicated in the general formula: (I -1) to 100 parts by weight of 
colloidal silica solid portion are more preferable, and 0.1 - 200 
parts by weight of the silane compound indicated in the general 
formula: (I - 2) (more preferably 1 - 100 parts by weight) is 
preferred. 
[0039] 

When using more than one compound indicated in the general 
formulas: (1-3)- (1-6) as the silane compound, 1-200 parts 
by weight of silane compound (more preferably 5 - 100 parts by 
weight) to 100 parts by weight of the colloidal silica solid 
portion is preferred. 
[0040] 
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When jointly using more than one compound indicated in the 
general formula: (I - 1) and more than one compound indicated in 
the general formulas: (I -3) - (1-6) as the silane compound, 1 - 
200 parts by weight (more preferably 5 - 100 parts by weight) to 
100 parts by weight of the colloidal silica solid portion are 
preferred. 1 - 200 parts by weight (more preferably 1 - 100 parts 
by weight) of the compound indicated in the general formulas: (I - 
3) - (1-6) are preferred. 
[0041] 

This invention's dental composite material is formed by 
combining the silica condensation polymer (b) (obtained by 
hydrolyzing and condensation polymerizing a silane compound) and 
the polymer of the single functional (metha) acrylate (2) in a 
colloidal silica dispersion system. The combining ratio of the 
single functional (metha) acrylate (a) and the silica condensation 
polymer (b) is preferably 1 - 300 parts by weight to 100 parts by 
weight of (a) ; 5 - 200 parts by weight of (b) to 100 parts by 
weight of (a) are more preferable. When the silica condensation 
polymer (b) is 5 - 200 parts by weight, the objective properties 
of this invention are sufficiently manifested. 
[0042] 

There is no particular restriction as to the method for 
dispersing the silica condensation polymer (b) to the single 
functional (metha) acrylate (a) . However, the following method is 
especially preferred: a method which mixes a silane compound and, 
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if needed, water and solvent, with the dispersion solution of the 
colloidal silica and by reacting under the above explained 
reaction conditions, a volatile portion (formed at the hydrolysis 
reaction of the dispersion medium of the colloidal silica and 
silane compound) is then removed. 
[0043] 

The polymerization starting agent used as the component (c) 
of this invention is optionally selected according to the 
polymerization form and which suits the objective of the dental 
composite material. In a case of thermo polymerization, . the 
various types of benzyl peroxide, peroxide (e.g., lauryl peroxide, 
etc.), and an azo compound [e.g., 2, 2' - azo bis 
(isobutylonitrile(, 2, 2 1 - azo bis (2, 4 - dimethyl 
valeronitril) , 2, 2' - azo bis (2, 4 - dimethyl - 4-methoxy valero 
nitrile) , etc.] are used and can be offered for the block 
polymerization and suspension polymerization (e.g., casting 
polymerization, etc.). Especially the case for suspension 
polymerization, a polymer with evenly dispersed colloidal silica 
is obtained. A benzophenone, benzoin alkyl ether, anthraquinone, 
thioxanthone, acyl phosphine oxide and a - di ketone, etc. can be 
used in a case of optical polymerization by visible light or 
ultraviolet ray. With optical polymerization, a reduction agent 
(e.g., third amine, etc.) can also be jointly used. The common 
added amount of the polymerization starting agent (c) is 
preferably 0.01 - 10 parts by weight to 100 parts by weight of the 
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component (a) . 
[0044] 

This invention's composite material is preferably compounded 
by mixing and simultaneously polymerizing the single functional 

(metha) acrylate (a) , silica condensation polymer (b) and 
polymerization starting agent (c) . By so doing , the one [which 
has combined (metha) acrylate (c) polymer] as the component (d) is 
polymerized in these (a) - (c) components. It is then preferred 
to obtain the objective composite material. The portion of the 

(metha) acrylate (co) polymer (d) to be combined is optionally 
selected depending on the composition, etc. of (metha) acrylate 

(co) polymer. It can be combined 1 - 400 parts by weight of the 
component (d) to 100 parts by weight of mixture of the components 

(a) - (c) . The polymerization contraction rate before/after 
polymerization can be further reduced by combining this (metha) 
acrylate (co) polymer (d) . 

[0045] 

The (metha) acrylate (co) polymer (d) used in this invention 
is obtained by polymerizing commonly known (metha) acrylate 
monomer. There is no particular restriction as to the means to 
polymerize, but when a suspension polymerization or a block 
polymerization, etc. which use various peroxide, azo compound is 
used. An average grain diameter 1 - 500um of the (metha) acrylate 
(co) polymer (d) is preferred. However, from the standpoint of 
combining with the (a) - (c) components, 10 - 200 urn is best. 
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A polymer [obtained by block polymerization] is preferably used by 
pulverizing to the necessary grain diameter by using a pulverizer. 
[0046] 

The (metha) acrylate (co) polymer (d) is optionally selected 
according to the objective composite material. More specifically/ 
the (metha) acrylate (co) polymer (d) of this invention is 
preferred to be a copolymer [which is its 1 component as a single 
functional (metha) acrylate having one (metha) acrylate group in a 
molecule. For example , a methyl (metha) acrylate, ethyl (metha) 
acrylate, propyl (metha) acrylate, butyl (metha) acrylate, penthyl 
(metha) acrylate, 2 - hydroxy ethyl (metha) acrylate and glycydile 
(metha) acrylate, etc. are used as the single functional (metha) 
acrylate having one (metha) acryloxy group in a molecule. It is 
also preferred to be a copolymer having more than 50% by weight, 
(more preferably, more than 70% by weight) of methyl methacrylate 
unit. There are a single functional unsaturation monomer and 
polyfunctional unsaturation monomer as the copolymerable 
unsaturation monomer used for combining the 1 component. A methyl 
(metha) acrylate, ethyl (metha) acrylate, propyl (metha) acrylate, 
butyl (metha) acrylate, pentyl (metha) acrylate, styrene, 
acrylonitrile, glycydile methacrylate, benzile (metha) acrylate 
and 2 - hydroxy ethyl (metha) acrylate, etc. are all usable as the 
single functional unsaturation monomer. However, a methyl (metha) 
acrylate, ethyl (metha) acrylate, butyl (metha) acrylate, benzile 
(metha) acrylate and 2 - hydroxy ethyl (metha) acrylate are 
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citable as the preferable monomer example. 
[0047] 

An ethylene glycol di (metha) acrylate, polyethylene glycol 
di (metha) acrylate with 2-20 ethylene glycol unit, 1, 3 - 
butadiene diole di (metha) acrylate, 1, 4 - butadiene diol di 
(metha) acrylate, 1, 6 - hexane diol di (metha) acrylate, 
neopentyl glycol di (metha) acrylate, trimethylol propane tri 
(metha) acrylate, NF-201, Bis-GMA, Bis-MEPP are usable as a 
specifically preferred polyfunctional unsaturation monomer. 
[0048] 

The composite material of this invention is obtained by 
mixing the single functional (metha) acrylate (a) , silica 
condensation polymer (b) and polymerization starting agent (c) to 
a desired condition and polymerizing them. However, a method 
[which obtains a composite material by first producing one (that 
has partially polymerized a portion of the mixture) and then by 
polymerizing it] is also a preferable method. . The partial polymer 
is contained in the composition with 1 - 80% by weight of the 
composition consisting of the components (a) - (c) . The viscosity 
of the mixture rises by partially polymerizing a portion of the 
mixture. By so doing, the handling of the mixture is facilitated 
when it is filled into a mold. The polymerization contraction 
rate before/after polymerization is also further controlled lower 
when a post polymerization is conducted because it has been 
partially polymerized. 
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[0049] 

There is no particular restriction as to the method for 
obtaining a mixture which has partially polymerized a portion of 
the mixture of these components (a) - (c) . However, usable is a 
method that mixes one component of the component [which forms the 
single functional (metha) acrylate (a)] or the component (a) 

[which remains with the partial polymer of a multiple number of 
components] and the components (b) and (c) ; also usable is a 
method that polymerizes the mixture of components (a) and (b) by 
means of boiling point maturing, etc. and stops the reaction at a 
desired polymerization rate by selecting the mixture condition of 
the component (c) and then obtains a partially polymerized 
mixture. 

[0050] 

According to the objective of this invention's dental 
composite material, an inorganic filler can be combined. If 
needed, additives (e.g., pigment, coloring agent, ultraviolet ray 
absorbing agent, thermo stabilizer, mold releasing agent, etc.) 
can also be mixed and used within a range that does not ruin the 
effect of this invention. 
[0051] 
[Examples] 

This invention is specifically explained below with the 
accompanying Examples and Comparative Examples. However, this 
invention is not restricted only by these Examples. The word 
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"part" mentioned in the Examples indicates "parts by weight." 
[0052] 

Reference Example 1: 

Manufacture of Silica Dispersion Solution: 
5.2 parts of trimethyl methoxy silane and 5.0 parts of 0.01 
regulation hydrochloric . acid aqueous solution are added to 200 
parts of isopropyl alcohol dispersion-type colloidal silica (30% 
by weight of silica content; 15nm average grain diameter; Catalyst 
Kasei Kogyo KK product; OSCAL-1432 trade name) and the temperature 
is raised to 50°C. After one hour, a methyl methacrylate 

(hereafter abbreviated as MMA) is added. While removing a volatile 
portion by rotary evaporator at 40°C under decreased pressure, the 
MMA is added at the same speed of the removal of the volatile 
portion. Finally, the solvent is completely replaced by the MMA 
and condensated. A silica dispersion solution (hereafter 
abbreviated as SM-1) is obtained with the total amount as 120 
parts. The solid portion (Si0 2 portion) [calculated from an ash 
portion after the result is baked in a pot] is 50% by weight. 

[0053] 

Reference Example 2 : 

Manufacture of Silica Dispersion Solution: 
300 parts of isopropyl alcohol are added to 300 parts of 
water-dispersion type colloidal silica [20% by weight silica 
content; Nissan Kagaku Kogyo KK product; Snowtex*-0 (average grain 
diameter 45nm) trade name] . While removing a volatile portion by 
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a rotary evaporator at 50°C under decreased pressure, a isopropyl 
alcohol is added at the same speed as the removal of the volatile 
portion* The solvent is finally completely replaced with isopropyl 
alcohol and concentrated. The total weight is 200 parts. 5.0 
parts of r - methacryloxy propyl trimethoxy silane and 2.5 parts 
of 0.01 regulation hydrochloric acid aqueous solution are added. 
While removing the volatile portion by a rotary evaporator at 40°C 
under decreased pressure, the MMA is added at the same speed of 
the removal of the volatile portion. Finally, the solvent is 
completely replaced with MMA. The total amount made is 200 parts. 
Further, 10 parts of 2 - hydroxy ethyl methacrylate are added, and 
a silica dispersion solution (hereafter abbreviated as • SM-2) is 
obtained. The solid portion (Si0 2 portion) which is calculated 
from an ash portion after the result is baked in a pot is 28% by 
weight. 
[0054] 
Example 1: 

An upright gypsum negative mold (73mm x 50mm x 4mm) is placed 
at the center section of a FRP flask and used as a molder. One 
[in which is dissolved 0.03 parts of 2, 2 f - azo bis - (2, 4 - 
dimethyl valeronitrile) , as a polymerization starting agent, in 30 
parts of the silica dispersion solution SM-1 of Reference Example 
1] is filled into the molder. A pre-polymerization is conducted 
for 1 hour in 50°C warm water under pressure of 4 kg/cm 2 and then 
polymerized one hour more in 100°C warm water. After it is air- 
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cooled for 20 minutes the polymerized hardened substance is 
removed and cut into a 70mm x 12mm x 3mm size and polished. When 
its transparency is measured by using an integrating sphere-type 
haze meter (Nippon Seimitsu Kogaku product: SEP-H-SS), the total 
light transparency rate is 93%. When a bending test is conducted 
according to ASTMD 790, the bend elastic coefficiency is 72,000 
kg/cm 2 . Further, a toothbrush abrasion test [which is a common 
dental evaluation] of the polymerized hardened substance is 
conducted [under the following conditions: toothbrush of "Process 
Pec*"; G C kk product; 100 gr load; 50,000 strokes]; the depth of 
abrasion is then measured. The abrasion resistance shows Sum. 
The degree of lustrousness (Murakami Color Technic Research 
product) of the abraded surface is measured with a halogen light 
source (6V, 20W) and a 60° measurement angle by using a digital 
photometer GM-3D. It shows a good value of 67%. 
[0055] 
Example 2 : 

The same polymerization as in Example 1 is conducted except 
that 15 parts of the silica dispersion solution SM-2 of Reference 
Example 2 are used instead of the silica dispersion solution SM-1 
of Reference Example 1. The polymerization hardened substance is 
obtained. The total light transparency rate of the result is 93%. 
The bend elastic coefficiency is 50,1000 kg/cm 2 . A toothbrush 
abrasion test of the result is also conducted and the depth of 
abrasion is measured; the abrasion resistance is 8um. When the 
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degree of lustrousness of the abraded surface is measured, it 

shows a good value of 60%. 

[0056] 

A an upright gypsum negative mold (73mm x 50mm x 4mm) is 
placed at the center section of a FRP flask and used as a molder. 
Nine parts of the silica dispersion solution SM-1 of Reference 
Example 1, 6 parts of MMA and 15 parts of PMMA particulate 
[Mitsubishi Rayon KK product: Acrycon AC* , 70um average grain 
diameter; 1% benzyl peroxide content (hereafter abbreviated as F- 
1)] are mixed. The resultant rice-cake like substance is filled 
into a negative mold so as not to allow space. This flask is 
placed inside of a steam dryer having a constant 70°C temperature. 
A pre-polymerization is conducted for 30 minutes, then it is 
polymerized for 1 hour in a steam dryer having a constant 100°C 
temperature. After the result is air-cooled for 20 minutes, the 
polymerized hardened substance is removed and cut into a 70mm x 
12mm x 4mm size and then polished.. The total light transparency 
rate of the hardened substance is 92%. The bend elastic 
coefficient is 38,600 kg/cm 2 . A toothbrush abrasion test of the 
polymerized hardened substance is also conducted. The depth of 
abrasion is measured. It shows an abrasion resistance of 8um. The 
degree of lustrousness of the abraded surface is 58%. 
[0057] 

Examples 4-12: 

The same polymerization as in Example 3 is conducted except 



29 



that various proportions of polyfunctional (metha) acrylates shown 
in Table 1 are mixed with the mix-solution of the silica 
dispersion solution SM-1 and MMA. Polymerized hardened substances 
are obtained. The composition and evaluation results are shown in 
Table 1. ■ ■ - 



Table 1 



1. . . 



composition (part) 



2 . . . 



evaluation results 



3 . . . 



example 
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4... bend elastic rate 
5... abrasion resistance 
6... degree of lustrousness 
In the Table 1: 

3G: triethylene glycol dimethacrylate 
1G: ethylene glycol dimethacrylate 
1.3BuDMA: 1,3 - butadiol di methacrylate 
1, 4BuDMA: 1, 4 - butane diol di methacrylate 
TMPT: trimethylol propane trimethyl acrylate 
TMPTA: trimethylol propane tri acrylate 
MF-201: methacrylate of general formula (II) 
Bis-MEPP: methacrylate of general formula (III) 
Bis-MEPP: methacrylate of general formula IV 

F-l: PMMA particulate (Mitsubishi Rayon KK product; Acrycon* AC) 
[0059] 

Example 13: 

The same polymerization as in Example 3 is conducted except 
that 15 parts of methacrylate copolymer are used (Mitsubishi Rayon 
kk product, "VHSK" trade name; 120um average grain diameter) 
instead of the PMMA particulate F-l; also 0.1 part of benzoyl 
peroxide (hereafter abbreviated as BPO) is used as the 
polymerization starting agent. A polymerized hardened substance 
is obtained. Its total transparency rate is 92%. The bend elastic 
coefficient is 38,500 kg/cm 2 . A toothbrush abrasion test of the 
polymerized hardened substance is also conducted. The depth of 
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abrasion is measured. The abrasion resistance is 8um and the 

degree of lustrousness of the abraded surface is 60%. 

[0060] 

Example 14: 

The same polymerization as in Example 3 is conducted except 
that 15 parts of methacrylate copolymer (Mitsubishi rayon product, 
"BR-568" trade name; 130um average grain diameter) are used 
instead of the PMMA particulate F-l; 0.1 part of BPO is also used. 
The polymerized hardened substance is obtained. The total light 
transparency of the result is 91%; , the bend elastic coefficient is 
37,900 kg/cm 2 . A toothbrush abrasion test of the result is also 
conducted. The depth of abrasion is measured. It shows an 
abrasion resistance of 9 urn. The degree of lustrousness of the 
abraded surface is 59%. 
[0061] 

Example 15: 

After 0.1 part of 2, 2 ! -azo bis - (2, 4 dimethyl 
valeronitril). is dissolved in 100 parts of the silica dispersion 
solution SM-1 of Reference Example 1, it is heated for 2 hours at 
65°C and 2 hours at 130°C, successively. The silica dispersion 
solution is polymerized and hardened. The volume contraction rate 
by the polymerization (which is obtained from the relative density 
of the composition before the polymerization at 25°C and the 
relative density of polymerized hardened substance) is 7.4%. The 
obtained polymerized hardened substance is crushed by a freeze 
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crusher and a polymer powder (hereafter abbreviated as F-2), which 
has dispersed a silica with an average grain diameter of 100 urn, 
is obtained. Moreover, the same polymerization as Example 3 is 
conducted except that 15 parts of the obtained silica dispersed 
polymer powder (F-2) and 0.1 part of the BPO are used instead of 
the PMMA particulate F-l. A polymerized hardened substance is 
obtained. The total light transparency rate of the polymerized 
hardened substance is 89%; the bend elastic coefficient is 60,000 
kg/cm 2 . A toothbrush abrasion test of this polymerized hardened 
substance is also conducted. The depth of abrasion shows 
abrasion resistance of 6um. The degree of lustrousness of the 
abrasion surface is 60%. 
[0062] 

Example 16: 

100 parts of the silica dispersion solution SM-1 of Reference 
Example 1, 150 parts of MMA and 0.5 part of BPO are prepared in a 
500ml separable flask. A polymerization is conducted with 100 rpm 
agitation at a 65°C inner temperature under a nitrogen atmosphere. 
Thirty minutes later the inner temperature is dropped by ice 
cooling and the polymerization is stopped. By so doing, a partial 
polymer with 20% by weight of . polymerization rate of MMA 
conversion is obtained. 0.25 part of PBO is dissolved in 50 parts 
of this partial polymer and dissolved air is removed by decreased 
pressure. This solution is filled and polymerized in a FRP flask 
in the same manner as in Reference Example 1 and a hardened 
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substance is obtained. The total light transparency rate of this 
polymerized hardened substance is 90%. The bend elastic 
coefficiency is 43,000 kg/cm 2 . A toothbrush abrasion test of this 
polymerized hardened substance is also conducted. The depth of 
abrasion is 7um abrasion resistance. The degree of lustrousness 
of this abraded surface is 63%. The obtained solution is 
polymerized and hardened by the same method as in Example 15 and 
the volume contraction rate is 11.5%. 
[0063] 

Example 17: 

A pre-polymerization is conducted on 100 parts of the silica 
dispersion solution SM-1 of Reference Example 1; 100 parts of the 
partial polymer of MMA having 20% by weight of the polymerization 
rate are mixed. A solution containing 10% by weight of a partial 
polymer is obtained. After 0.25 part of PBO is dissolved in 50 
parts of this partial polymer, dissolved air is removed under 
decreased pressure. This solution is filled and polymerized in 
the same manner as in Example 1 and a polymerized hardened 
substance is obtained. The total light transparency rate of the 
polymerized hardened substance is 90%. The bend elastic 
coefficiency is 45,000 kg/cm 2 . A toothbrush abrasion test of this 
polymerized hardened substance is also conducted. The depth of 
abrasion is 8um abrasion resistance. The degree of lustrousness 
of the abraded surface is 60%. The obtained solution is also 
polymerized and hardened in the same manner as in Example 15 and 
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the volume contraction rate is measured. The volume contraction 

rate is 11%. 

[0064] 

Example 18: 

After 0.3 part of 2, 4, 6 - trimethyl benzyl phosphine oxide 
is dissolved in 30 parts of the silica dispersion solution SM-1 of 
Reference Example 1, dissolved air is removed. The result is 
poured into a cell [formed of a gasket and two sheets of 
reinforced glass (130mm x 130mm) and established so as to reach a 
thickness of 3mm] . Light radiation for 60 minutes is then 
conducted by a photopolymerization device [Ushio Denki KK product, 
500W super-high pressure mercury lamp] . A polymerized hardened 
substance is then obtained. A toothbrush abrasion test of the 
obtained polymerized hardened substance is then conducted. The 
depth of abrasion is Hum abrasion resistance. The degree of 
lustrousness of the abraded surface is 53%. 
[0065] 

Comparative Example 1 : 

A polymerized hardened substance is obtained by filling and 
polymerizing in a the same manner as in Example 1 except that 15 
parts of MMA and 15 parts of the PMMA particulate F-l are used. 
The total light transparency rate of the polymerized hardened 
substance is 93%. The bend elastic coefficiency is 32,500 kg/cm 2 . 
A toothbrush abrasion test of the polymerized hardened substance 
is measured. The depth of abrasion is 23um abrasion resistance. 
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The degree of lustrousness of the abraded surface is 63%. 
[0066] 

Comparative Example 2: 

The same polymerization as in Example 15 is conducted except 
that 100 parts of MMA are used instead of the silica dispersion 
solution SM-1. The volume contraction rate in the polymerization 
is 21.0%. 
[0067] 

Comparative Example 3: 

5.2 parts of trimethyl methoxy silane are added to 60 parts 
of silica fine powder (average grain diameter 40nm; Nippon 
Erojiru* kk product, Aeorojiru* OX-50, trade name) and mixed in a 
mortar. Thereafter, 140 parts of MMA are combined with them and 
further mixed and stirred in the mortar. A silica dispersion 
solution is then obtained. This obtained solution has uneven 
dispersion properties because the fine silica powder is highly 
coagulated. It is filled and polymerized in FPR a flask in the 
same manner as in Example 3 except that 15 parts of this silica 
solution and 15 parts of PMMA granulate F-l are used. A 
polymerized hardened substance is obtained. Its total light 
transparency is 45%. Its bend elastic coefficiency is 36,500 
kg/cm 2 . A toothbrush abrasion test is conducted. The depth of 
abrasion is 15um abrasion resistance. The degree of lustrousness 
of the abraded surface is 51%. 
[0068] 
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[Effect of the Invention] 

This invention's dental composite material has the above 
explained constitution. Therefore, it has excellent transparency, 
rigidity and abrasion resistance and is extremely useful for 
dental plate resin, artificial teeth, etc. 
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Translators note: 

* = phonetic transliteration 

Patent Applicant: Mitsubishi Rayon KK 
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